ABSTRACT
tional results in radial head fractures. Various treatment options are available, depending on fracture severity. [5, 6] Although biological treatment modalities, such as conservative methods and open reduction and internal fixation, are first-choice treatments, [7] especially for Mason Type-III fractures, the optimum treatment method remains controversial. [5, 6] Results of radial head resection (RHR) [8, 9] and radial head prosthesis
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INTRODUCTION
Radial head fracture is the most frequently diagnosed fracture of the elbow in adults. [1, 2] The radial head is crucial for elbow biomechanics and, in particular, resistance to valgus stress and the rotational stability of the forearm. [3, 4] Therefore, restoration of elbow biomechanics is essential for acceptable func- (RHP) [10] [11] [12] for radial head fractures have been presented in the literature, but relevant data remain limited. The main objective of this study was to compare these two treatment modalities in terms of the clinical outcomes and grip strength of patients with irreparable Mason Type-III radial head fractures.
MATERIALS AND METHODS
In this retrospective comparative study, patients with an isolated radial head fracture who were surgically treated with either RHR or RHP in two different clinics and by two different surgeons between 2008 and 2013 were evaluated. Patients with RHR and RHP were evaluated clinically and radiographically. Fractures were classified according to the Mason classification system, [13] and only Type-III fractures were included (Fig. 1) . Patients with additional bone damage, neurological deficit, or instability at the time of diagnosis or with prior upper-extremity trauma anamnesis were excluded. Fourteen patients matched the criteria and were divided into two groups: those in Group I were treated with RHR, and those in Group II were treated with RHP. Interposition arthroplasty was not performed on patients in Group I. Each group consisted of seven (five males and two females in Group I, four males and three females in Group II) patients. In Group I, the mean age at the time of the operation was 42.5 years. Two patients were left hand dominant and five were left hand dominant. The right elbow was affected in two patients, and the left elbow was affected in five patients, with the dominant limb being affected in two patients. The mean follow-up duration was 31.1 months. In Group II, the mean age at the time of the operation was 49 years. One patient was left hand dominant and six were left hand dominant. The right elbow was affected in three patients, and the left elbow was affected in four patients, with the dominant limb being affected in three patients. The mean follow-up duration was 28.2 months. All patients were initially immobilized in a long-arm splint at 90° of elbow flexion with neutral rotation during the postoperative period. In all cases, motion was initiated within 7-10 days.
All surgical procedures were performed by two different surgeons, and all patients were evaluated clinically and radiographically at the end of the follow-up period. The range of motion of the elbow and forearm were measured using a goniometer, and the values were compared with those of the uninjured side. The Disabilities of the Arm, Shoulder and Hand (DASH), [14] Mayo Wrist, [15] and Oxford Elbow [16] scoring systems were used to evaluate the functional status. The maximum grip strength of each patient was assessed with the Jamar hydraulic hand dynamometer (JAMAR ® Plus+ Digital Hand Dynamometer; Patterson Medical/Sammons Preston, Bolingbrook, IL, USA), which is recommended by the American Hand Therapist Society. [17] For measurements, the patients were in a comfortable sitting position with the arm at abduction and neutral rotation, the elbow flexed at 90°, and the wrist in a neutral position. Grip strength was measured with the forearm in supination, pronation, and a neutral position; three measurements were taken for each position (Fig.  2 ). The mean value was determined, which was measured in pounds (lbf). [18] Assessment was also performed on the unaffected side using the same method. An adjustment was made for right-handed patients in terms of their dominant hand. The difference between the dominant and nondominant sides was considered to be 10% for right-handed patients; for lefthanded patients, the difference in hand dominance was ignored. [19, 20] Anteroposterior and lateral X-rays were used for radiological assessment at the end of the follow-up period. Congruency of the elbow joint surface, proximal medial shift of the radius, and degenerative changes (subchondral sclerosis, joint space narrowing, etc.) were evaluated.
Statistical analysis was performed by the NCSS 2007 statistical software (Number Cruncher Statistical System, UT, USA). The Mann-Whitney U-Test, Fisher's exact test, and the Wilcoxon test were used for comparing groups, evaluating qualitative data, and comparing affected and unaffected sides as well as for descriptive statistics, including means and standard deviations. A p-value of <0.05 was considered to indicate statistical significance.
RESULTS
In Group I, the mean DASH, Oxford Elbow, and Mayo Wrist Considering radiological assessment, proximal medial radial shift was observed in all patients treated with RHR ( Figure  3 ). No sign of heterotopic ossification was observed in either group, and no signs of implant loosening were recorded in Group II. Subchondral sclerosis and joint space narrowing were identified in one patient in each group.
Comparing the two groups, the difference in terms of flexion and grip strength did not reach significance, but extension was restricted in Group II (p=0.014). In addition, there were no significant differences between the unaffected sides of each group with respect to flexion and extension. Analysis between affected and unaffected sides showed that flexion and extension were negatively affected in both the groups (p<0.05). Moreover, in Group I, grip strength was negatively affected in all positions; however, grip strength was decreased in only the neutral position in Group II (Table 2) .
No wound infection, sepsis, or neurovascular compromise was observed in the study patients. Moreover, no postoper- ative ligamentous instability or posterior interosseous nerve injury was observed.
DISCUSSION
Biological methods are first-choice treatments for isolated Mason Type-III fractures but are considered controversial in the treatment of fractures with ≥3 fragments. [21] A meta-analysis of the treatment of Mason Type-III fractures favored the outcomes of RHP over those of osteosynthesis. [22] RHR and RHP are the preferred treatment choices for irreparable Mason Type-III fractures. [7, 23] However, conflicting results have been reported in the literature regarding both treatment modalities. Moreover, studies comparing the outcomes of RHR and RHP are limited.
In our study, loss of grip strength and motion were observed in patients treated with RHR, which was compatible with the literature. However, we did not encounter complications such as elbow instability, neuropathy, and proximal radioulnar synostosis because fractures with associated injuries were specifically excluded from our study. Our results are supported by a study conducted by Karlsson et al. [8] that evaluated isolated comminuted radial head fractures; this study found that the mean range of motion deficit in the elbow was 5°-10°. In addition, good to excellent results according to the Mayo Elbow Performance Index were reported by Antuña et al. [9] in a review of 26 patients treated with primary radial head excision who were followed up for a minimum of 15 years. However, Swanson et al. [24] presented a clear sequence of events when a loss of radiocapitellar contact resulted in lateral elbow instability, arthritis, loss of strength and motion, and ulnar nerve symptoms. In terms of RHR, it has been reported that 55% patients encountered restrictions in their daily life, and 36% experienced limitations at work. [25] Herbertsson et al. [26] suggested that, if the initial attempt to save the radial head caused unfavorable results, a delayed excision may be performed.
Radial head arthroplasty is indicated for the management of comminuted displaced radial head fractures when stable internal fixation is unachievable or in cases of instability following radial head excision, malunion, and nonunion. In our study, satisfactory functional and clinical results were achieved in patients treated with RHP with no signs of implant loosening or instability. These outcomes were supported by Harrington et al., [11] who presented the results of the long-term followup of 20 patients treated with RHP; use of a prosthesis was advocated when the radial head could not be reconstructed to restore the stability of the elbow and forearm. Moreover, Zunkiewicz et al. [12] reported the results of 29 patients with a mean follow-up period of 34 months. Satisfactory functional scores, with a Mayo Elbow Performance Index score of 92 and an acceptable level of complications, were noted. The outcomes of patients with acute traumatic elbow instability treated with RHP were presented in a study that included 27 patients. In that study, 22 patients had good or excellent results according to the Mayo Elbow Performance Index. Unlike our evaluation, complications including stem loosening, component failure, instability, infection, dislocation, and arthritis were reported. [27] Another complication difference was reported by Flinkkilä et al., [28] who reviewed the results of press-fit RHP in 37 patients with a mean follow-up of 50 months. One-third of their patients had early symptomatic loosening, which necessitated implant removal in nine patients. In addition, Lópiz et al. [10] reported the mid-term follow-up of RHR and RHP patients. Their functional results were better for RHP; however, with a higher complication rate, a greater number of patients required revision surgeries, thus lowering their mean functional status. The longer followup duration and older patient age compared to our study may be one reason for the revision surgeries and may have contributed to the lower functional scores.
Hand grip strength is crucial for performing the activities of daily life and for good functional results. [29] Research comparing the functional and grip strength results of RHP and RHR in the treatment of Mason Type-III radial head fractures is limited. In our study, the mean functional score and grip strength results were superior in patients treated with RHP, but this difference did not reach significance, which may be attributable to our small number of patients. Analysis showed that extension was significantly restricted in the RHP group. Most importantly, in Group I, decreased grip strength was observed in all positions of the forearm. However, this decrease was limited to only the neutral position in Group II.
The limitations of our study are its retrospective design, including patients treated at two different clinics by two different surgeons, and its small sample size. Studies with more patients and a longer follow-up period are necessary for more conclusive results.
Conclusion
Patients with irreparable Mason Type-III radial head fractures who require excellent hand grip strength are excellent candidates for RHP. However, RHR is easy to perform and is a good treatment choice for patients with isolated Mason Type-III radial head fractures who wish to reclaim their ability to perform the activities of daily life at the cost of grip strength.
